A spoilage organism isolated from turbid beer is described. The bacterium was gram negative, catalase negative, strictly anaerobic, and rod shaped, having flagella only on one side of the cell. The main metabolic product was propionic acid. In addition acetic, succinic, and lactic acids and acetoin were formed. Malonate inhibited the production of propionic acid by the strain studied and by both Pectinatus and Propionibacterium strains. The guanine-plus-cytosine content of deoxyribonucleic acid was 36 mol%. Differences between this strain and Pectinatus strains were 2 to 5 percentage points. Immunofluorescent staining and gel diffusion precipitin tests revealed that the antigenic structure differed from those of Pectinatus strains. The isolated organism can, despite some differences, be regarded as belonging to the genus Pectinatus.
Until relatively recently, it was thought that only lactic acid bacteria were capable of spoiling lager beer, because the low air content in bottled beer makes the occurrence of acetic acid bacteria very rare. Gram-negative bacteria had earlier been regarded only as contaminants of wort and of the early part of the fermentation process. Currently, increasing attention is being paid to their appearance in the latter part of the process. Thus, among enterobacteria, some strains have been found which survive the main fermentation. These can be transferred with the yeast from one fermentation to another and even multiply under favorable conditions during secondary fermentation (5) . Moreover, Pectinatus cerevisiophilus and Megasphaera spp., recently discovered gram-negative bacteria, form a special group of contaminants. Pectinatus spp. were isolated and found to be potential beer spoilage organisms almost simultaneously in the U.S.A. (12) , Germany (1, 20) , and Scandinavia (1, 20) .
In this paper, a gram-negative anaerobic bacterial strain isolated from Finnish beer in the summer of 1978 is described and compared with the P. cerevisiophilus isolate named by Lee et al. (12) and with the strains isolated in Germany.
MATERIALS AND METHODS
Organisms. The bacterial strain VTT-E-79100, isolated in the summer of 1978 from turbid beer (original gravity, ca. 10.5%) was studied. Pectinatus cerevisiophilus ATCC Immunological methods. Serum against VTT-E-79100 was produced by injecting 0.3 to 0.6 ml of a formaldehyde-killed, washed bacterial suspension (ca. 109 cells/ml) subcutaneously into rabbits. The bacterial suspension was emulsified in Freund incomplete adjuvant (1:1). Blood samples were taken during immunization to control the level of antibodies. After 3.5 months and seven injections, the rabbits were bled and the serum was freeze-dried. Immunofluorescent staining was performed as described earlier (8, 9) by using serum dilutions of 1:30 to 1:1,500. The gel diffusion precipitin test was performed according to the methods of Ouchterlony (15) and Lancefield (11) .
RESULTS
Morphology and electron microscopy.
The cells of strain VTT-E-79100 were gram negative, nonsporeforming, and motile. The size of the cells was 0.4 to 0.5 by 2 to 3 um, but very elongated cells were found in old cultures. The colonies on MRS agar were circular, entire, beige, and glistening, with a diameter of 2 mm.
Electron microscopy of a negatively stained preparation showed that the rod-shaped bacteria had many flagella, approximately six per cell (Fig. 1) . The flagella of VTT-E-79100 appeared to be located on one side of the bacterial cell only, thus resembling Pectinatus cerevisiophilus strain ATCC 29359 (12) . In strain VTT-E-79100, however, there were fewer flagella.
In thin section, the cell envelope structure could be seen (Fig. 2) . The outer membrane (OM) of VTT-E-79100 undulated, and some vesiculation of the OM was evident. The electrontranslucent area just beneath the OM possibly corresponds to a periplasmic space. The cytoplasmic membrane (CM) and the thick, poorly electron dense layer, a peptidoglycan layer, were clearly seen.
In a freeze-fractured preparation, both the convex and concave fracture faces of the OM and CM were seen. The OM concave face was densely covered by 8-to 10-nm intramembranous particles (Fig. 3) , similar to Salmonella typhimurium (14) , Escherichia coli (19) and Synechocystic strain CB3 (T. Vaara and K.
Lounatmaa, FEMS Microbiol. Lett., in press). Similarly, the CM concave face was covered by only a few particles (Fig. 3) . The OM convex face was smooth, and CM convex face had a netlike arrangement of intramembranous particles (Fig. 4) (Table 1 ). The formation rates of carbon dioxide, acetic acid, and propionic acid from fructose, glucose, glycerol, and mannose by VTT-E-79100 in the respirometer are given in Table 2 . The amounts of acids produced from buffered glucose by resting cells of the strains examined are presented in Table 3 . All strains produced acetic, propionic, lactic, and succinic acids as well as acetoin.
Ethanol was not produced.
Addition of malonate decreased considerably the production of propionic acid by all strains at pH 4.0 and inhibited production almost completely at pH 3.0. The production of acetic acid increased correspondingly (Table 4) . Accumulation of fumaric acid was not observed. The guanine-plus-cytosine content of DNA was 36, were in good agreement with those obtained from fluorescent-antibody staining. A strong precipitin band was found near the well of VTT-E-79100 antigens (Fig. 5) . This band probably represented the interaction of a relatively specific antibody with the respective antigen of VTT-E-79100. The common antibodies present in the antiserum gave precipitin bands with each of the strains examined. This reaction was not visible when immunofluorescent staining with diluted antiserum was used. On the other hand, VTT-E-79100 and DSM 20465 showed two additional antigens which gave precipitin bands missing from ATCC 29359 and DSM 29466. These antigens are probably common to both strains. The reaction of these antigens and respective antibodies gave a moderate fluorescence after staining if the serum dilution was less than 1:150. DISCUSSION The morphological properties of VTT-E-79100 are quite similar to those of the strains a +, Turbid culture with pH below 5.0. (Table 3) . However, these results differ considerably from those reported by Lee et al. (12) . According to that group more acetic acid than propionic acid is produced, whereas in our experiments propionic acid formation was always greater.
In propionic acid fermentation by propionibacteria, succinic dehydrogenase catalyzes the reduction of fumarate to succinate (10) . Malonate is a specific competitive inhibitor of this enzyme and can thus inhibit the production of propionic acid. It was found that addition of malonate prevented the production of propionic acid by Propionibacterium thoenii, P. acidipropionici, and strains VTT-E-79100, ATCC 29359, DSM 20465, and DSM 20466. This indicates that the Pectinatus strains tested use the same pathway for the production of propionic acid as do propionibacteria. The production of acetic acid increases when malonate inhibits the formation of succinate, and pyruvate is metabolized via an alternative pathway to acetic acid.
The difference of 2 to 5 percentage points in the DNA base composition of VTT-E-79100 (36%), ATCC 29359 (39%), and DSM 20465 (34%) indicates that these strains are probably very closely related but not identical. The result obtained for ATCC 29359 is the same as that reported by Lee et al. (12) (39.8%), but the guanine-plus-cytosine content of DSM 20465 is different from the value 37.4% reported by Back et al. (1) .
The existence of an antibody reacting only with antigens of VTT-E-79100 in immunodiffusion experiments suggests that this organism belongs to a different taxonomic group than the reference strains. For example, the lactobacilli commonly encountered in breweries show different antigenic structures when they belong to different species or are variants of the same species (6) . Further experiments with absorbed serum and sera against reference strains, however, are needed to confirm the immunological differences between Pectinatus species. Strain VTT-E-79100 is closely related to the species P. cerevisiophilus described by Lee et al. (12) and can be regarded as belonging to the genus Pectinatus.
Further work is also needed to facilitate the detection of Pectinatus contaminants in brewery quality control. As quoted above, conventional membrane filtration is not practical. Since Pectinatus probably is the only bacterium in beer which produces propionic acid, its identification can be based on detection of propionic acid in gas chromatography (17) . Preliminary studies using artificially contaminated beer showed that propionic acid can be detected independent of the initial level of Pectinatus cells in beer only 1 day before the beer becomes visually turbid. Despite some early information in the literature (3, 4) on a bacterium which fits the description of Pectinatus spp., the simultaneous occurrence of this species in different countries must be regarded as a new phenomenon. This development is probably due to changes in the brewing process and to new cleaning and disinfection methods. These changes have caused alterations in the relative survival of different microflora. New microbes, previously not found in breweries, are now able to grow under the changed conditions. For example, in the case of Pectinatus, the low level of air now present in bottled beer guarantees good growth conditions for this bacterium (18) . Equally plausible is that the development of anaerobic laboratory techniques now has made the isolation and identification of this organism possible, thus revealing a contaminant which has occurred sporadically over the years. More information is needed about the origin, detection, and taxonomic position of these new beer spoilage microorganisms.
Pectinatus strain VTT-E-79100 has been deposited in the American Type Culture Collection under the number 33332.
